Hypothyroidism in thyroid transcription factor 1 haploinsufficiency is caused by reduced expression of the thyroid-stimulating hormone receptor.
Humans expressing one allele of the thyroid transcription factor 1 (TTF1) gene have neurological symptoms and increased serum TSH with variable degrees of hypothyroidism. Ttf1+/- mice have also poor coordination and increased serum TSH concentration (205 +/- 22 vs. 92 +/- 12 mU/liter; P < 0.001) and slightly lower T4 (46 +/- 3 vs. 63 +/- 6 nmol/liter; P < 0.02) as compared with Ttf1+/+ mice. To determine whether the hypothyroidism is of central or primary origin, we examined the bioactivity of TSH, thyroidal response to exogenous TSH and the expression of genes regulated by TTF1. TSH bioactivity was normal, but T4 response to a low but not high dose of TSH was significantly reduced in the Ttf1+/- mice (5.5 +/- 2.2 vs. 15.3 +/- 4.1 nmol/liter; P < 0.03), indicating a reduced thyroidal response. Thyroid mRNAs were measured by real-time PCR (Ttf1+/+ littermates = 100%). Ttf1+/- mice had half the levels of TTF1 mRNA (54 +/- 9; P < 0.01) and protein, confirming their haploinsufficiency. Significantly lower levels of mRNAs were observed for two of the three genes with TTF1 cis elements: TSH receptor (TSHr, 57 +/- 4%; P < 0.002), thyroglobulin (63 +/- 7%; P < 0.005), but not thyroid peroxidase (81 +/- 12%; P > 0.05). No significant difference between the two genotypes was found for Pax8, sodium iodide symporter, and iodothyronine deiodinase 1. These results show that Ttf1 haploinsufficiency causes a reduction in the expression of TSHr and thyroglobulin, genes with TTF1 binding sites in their promoter regions. The low TSHr is only partially compensated by an increase in TSH secretion because T4 remains mildly reduced. However, administration of a larger amount of TSH obliterates the response differences by saturating a reduced amount of receptor.